Background: The association of platelet endothelial cell adhesion molecule 1 (PECAM1), hypoxia-inducible factor 1 subunit alpha (HIF1A), and KIAA1462 in myocardial infarction (MI) was investigated. The study included 401 Han Chinese MI patients and 409 controls. Three tag single-nucleotide polymorphisms (SNPs)-PECAM1 rs1867624, HIF1A rs2057482, and KIAA1462 rs3739998-were selected. SNP genotyping was performed by an improved multiplex ligation detection reaction assay. A systematic review and meta-analysis of studies including 3314 cases and 2687 controls on the association of 5 HIF1A SNPs and the overall risk of MI or coronary artery disease (CAD) was performed. Results: The rs1867624 variants were associated with high TG concentrations (p = 0.040) and the rs2057482 variants were associated with decreased HDL-C in MI patients compared with the control group (p = 0.003). Rs2057482 SNP interacted with age to influence TC levels. The SNP of rs3739998 interacted with sex and hypertension to modulate CRE and TG levels, respectively (p < 3.04E-5-0.002). No association between the three SNPs and susceptibility to MI was found (p > 0.05 for all). In the meta-analysis of HIF1A, the rs11549465 C > T and rs10873142 T > C polymorphisms, but not rs2057482, rs11549467, and rs41508050, were correlated with overall MI or CAD risk. Conclusions: Taken together, this study provides additional evidence that genetic variation of the PECAM1 rs1867624 and HIF1A rs2057482 can mediate lipid levels in MI patients.
Background
Coronary artery disease (CAD) is a complex, multifactorial, and polygenic disorder caused by an excessive inflammatory response to various forms of injury, resulting in endothelial dysfunction in the arterial walls leading to accelerated atherosclerosis [1] . In the blood vessel wall, the basement membrane underlies the endothelium and surrounds smooth muscle cells (SMCs) [2] . The basement membrane not only serves as an extracellular scaffold but also regulates cell behavior [3] .
Abnormalities of vascular endothelial cells (ECs) and
SMCs play important roles in the pathogenesis of atherosclerosis, the vascular pathology underlying CAD [4] .
The recent targeted gene array derived from earlier genome-wide association studies (GWAS) results and performed meta-analysis of results have made huge advances in identifying genetic components of CAD risk with 15 mainly novel risk loci, including single-nucleotide polymorphisms (SNPs) in or near genes involved in major lipids, blood pressure, and vascular smooth muscle cell differentiation [5] . Several of these have been validated by large-scale association studies [6, 7] . However, the functional relationship between many of these loci and the risk of coronary heart disease (CAD)/myocardial infarction (MI) remains to be determined [8] . Three of the new CAD-associated regions identified in the current analysis include genes that encode proteins expressed in smooth muscle cells (PECAM1, HIF1A) and endothelial cells (KIAA1462).
Rs1867624 is upstream of PECAM1, which encodes platelet endothelial cell adhesion molecule 1, a cell adhesion protein that play a role in endothelial cell sprouting [9] . It helps leukocytes adhere to the endothelium and migrate into the intima layer of the artery [10] . Reschner et al. have demonstrated the association between PECAM1*L/L genotype and MI in Slovenian population [11] . Serebruany at al. determined plasma levels of PECAM-1 and prospectively compare these data with the discharge diagnosis in patients presenting with chest pain in a community hospital emergency department [12] . Levels of soluble PECAM-1 were increased in patients with AMI. Wenzel et al. investigated two polymorphisms (Leu125Val and Ser563Asn) in 98 patients with coronary artery stenoses and 103 healthy controls [13] . Both the variants were more frequent in patients as was the homozygous combination Val125/Asn563 (0.43 vs 0.2). Together, these findings prioritize PECAM1 as a candidate causal gene for this CAD-associated region in humans.
HIF1A is a transcriptional factor encoded by the HIF1A gene located on chromosome 14 (14q23.2) and plays a critical role in the regulation of different cellular processes involved in the preservation of oxygen homeostasis [1] . Imanishi et al. show that hypoxia-inducible factor-1α (Hif-1α) expressed in smooth muscle cells is involved in angiotensin II (Ang II)-induced vascular remodeling in an in vivo model [14] . Alberto et al. suggested that rs2057482 polymorphism is involved in the risk of developing CAD and is associated with some metabolic parameters and cardiovascular risk factors. The rs2057482 T allele was associated with decreased risk of obesity, central obesity, hypertension, hypercholesterolemia, hypertriglyceridemia, and increased risk of T2DM [1] . Guo et al. showed that the genetic mutations within HIF-1A (rs2057482) could alter susceptibility to perimenopausal CAD [15] .
KIAA1462 is newly identified locus, which is associated with coronary artery disease, the KIAA1462 protein participates in the regulation of adherens junctions and cytoskeleton formation in endothelial cells [16] . Thus, it is involved in the support of integrity and permeability of the endothelium, which is always exposed to the mechanical action of blood flow. In turn, the endothelium permeability affects the migration rate of monocytes, which morph into macrophages that favor the formation and development of atherosclerotic plaques [17] . The G allele at rs3739998 leads to a missense variant (Ser1002Thr) which is located in exon 3 of the KIAA1462 gene [18] . Akashi et al. also independently identified junctional protein associated with coronary artery disease (JCAD), which is a gene product of KIAA1462 through localization-based expression cloning of novel junctional proteins [19] .
In light of previous studies, we selected three genes expressed in smooth muscle cells and one endothelial-related gene and aimed to test their contribution to the risk of MI in Han Chinese.
Results

Population characteristics
The clinical characteristics of the 810 study participants are shown in Table 1 . The majority (82.0%) were men (60.3%) were current smokers, and 26.2% drank alcohol. The hypercholesterolemia and triglycerides levels were not different between controls and MI patients (p > 0.05 for all). The MI patients had higher smoking, alcohol, diabetes, hypertension, WBC, FBG, CRE, AST, total cholesterol, but lower HDL cholesterol and LDL cholesterol.
Genotype and allele frequencies in patients and controls
The genotype and allele frequencies of three SNPs selected for study are shown in Table 2 . The selected SNPs all displayed a MAF > 0.05 and the allele frequencies were similar to observations derived from the pooled sample, according to 1000 Genomes (rs1867624, C = 0.2979; rs2057482, T = 0.2424; rs3739998, G = 0.2518.). No deviations from Hardy-Weinberg equilibrium were observed in either cases or controls. The genotype and allele frequencies of the rs1867624, rs2057482, and rs3739998 SNPs in MI patients and controls were not significantly different (all p > 0.05).
Genotypes of the three SNPs and the risk of MI
Results of the genetic model analysis are shown in Table 3 . Comparison of both heterozygous and homozygous carriers of the minor allele (C) with homozygous carriers of the major allele (T), suggesting a dominant genetic effect, revealed that the PECAM1 rs1867624 SNPs were not associated with MI. No association of rs2057482 and rs3739998 and MI were observed. Similar, but weaker trends were observed for the recessive model, with no significant associations of the three SNPs with MI (all p > 0.05).
Genotype and lipid levels
We expected that genetic risk associated with the SNPs would be reflected by established CAD risks, including total cholesterol (TC), triglycerides (TGs), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), creatinine (CRE), or fasting blood glucose (FBG). As shown in Table 4 , the rs1867624 variants were associated with high TG concentrations (p = 0.040) and the rs2057482 variants were associated with decreased HDL-C in MI patients compared with the control group (p = 0.003). None of the three SNPs were associated with TC, LDL-C, CRE, or FBG in MI patients (p > 0.05).
Interactions of the three SNPs and drinking, smoking, age, sex, and hypertension on lipid levels and the risk of MI The interactions of the three SNPs and drinking, smoking, age, sex, and hypertension on lipid levels and the risk of MI are shown in Table 5 . Rs2057482 SNP interacted with age to influence TC levels. The SNP of rs3739998 interacted with sex and hypertension to modulate CRE and TG levels, respectively.
Systematic meta-analysis of HIF1A with MI or CAD Recent studies have shown that the SNP rs2057482 in the HIF1A is associated with susceptibility to CAD [1] . However, our studies have shown inconsistent results. Therefore, a systematic meta-analysis was carried out to evaluate the association between HIF1A and MI or CAD in the literature. Following the application of strict screening criteria, 6 articles evaluating a total of 3314 Values are mean ± SD or n (%), continuous variables that have skewed distribution are expressed as median (25, cases and 2687 controls concerning MI or CAD were ultimately included in our quantitative analysis (Fig. 1 ). The general characteristics of the included studies are listed in Table 6 . The association between the HIF1A rs2057482 C > T polymorphism and MI or CAD risk was examined in 5 relevant studies involving 2958 patients and 2474 healthy controls. No significant overall associations were identified in allele genetic model (OR = 1.09, 95% CI = 0.96-1.23, p = 0.18, I 2 = 76%) (Fig. 2 ). The sensitivity analysis, which was conducted by omitting studies one by one to examine the stability of the pooled ORs, revealed an obvious change when data from Nan Guo's study was removed (OR = 1.25, 95% CI = 1.09-1.44, p = 0.002, I 2 = 0%) [15] (Additional file 1: Figure S1 ). Compared with other studies in the meta-analysis, the frequency of the T allele in Korea was greater than 25% and lower than 17% in Caucasians. We perform a separate meta-analysis for Asians and Caucasians since minor allele frequency is quite different among populations. For the Caucasians populations, the HIF1A rs2057482 C > T polymorphism was associated with CAD (OR = 1.27, 95% CI = 1.10-1.47, p = 0.001, I 2 = 0%) (Additional file 1: Figure S2 ). For the Asians populations, the HIF1A rs2057482 C > T polymorphism was associated with CAD (OR = 0.71, 95% CI = 0.56-0.91, p = 0.006, I 2 = 0%) (Additional file 1: Figure S3 ).
The association between HIF1A rs11549465 C > T polymorphism and CAD risk was examined in 5 studies involving 2011 cases and 2386 controls. A protective effect on CAD development was observed in the variant T allele (OR = 0.84, 95% CI = 0.75-0.95, p = 0.006, I 2 = 0%) (Fig. 3) .
For the rs10873142 T > C polymorphism, the allele model was associated with increased overall risk of CAD (OR = 1.28, 95% CI = 1.14-1.45, p < 0.0001, I 2 = 0%) (Additional file 1: Figure S4 ). The rs11549467 and rs41508050 polymorphism was not associated with CAD (OR = 1.16, 95% CI = 0.91-1.47, p = 0.22, I 2 = 10%; OR = 1.94, 95% CI = 0.99-3.81, p = 0.05, I 2 = 6%) (Additional file 1: Figures S5 and S6 ).
Discussion
In the present study, we aimed to investigate whether genetic variations in genes that encode proteins expressed in smooth muscle cells (PECAM1, HIF1A) and endothelial cells (KIAA1462) influence MI risk in Han Chinese. Through a series of genetic testings of the three SNPs, we find that the rs1867624 and rs2057482 SNPs were significantly associated with lipid levels in in MI patients compared with the control group (p < 0.05). However, our results disclosed no association between the SNPs and susceptibility to MI (p > 0.05 for all). The allelic frequency of selected SNPs (rs1867624, C = 0.24 and 0.20; rs2057482, T = 0.21 and 0.20; rs3739998, G = 0.21 and 0.22 for cases and controls, respectively) all displayed in accordance with the one derived from the Asian populations, according to HaploReg v4.1 (rs1867624, C = 0.23; rs2057482, T = 0.20; rs3739998, G = 0.20.). The rationale for the selection of the three smooth muscle cells and endothelial cells-related genes investigated in this study is as follows. PECAM1 gene is found on the surface of platelets, monocytes, neutrophils, and may play a role in the inhibition of the formation of adherent junctions in endothelial cells [20] . PECAM-1 has been implicated in the maintenance of vascular barrier integrity; failure to restore barrier function contributes to the development of chronic inflammatory diseases such as atherosclerosis [21] . HIF1A, a natural antisense transcript of HIF1alpha, is overexpressed in the failing heart [22] . By modulating the stability of HIF1alpha messenger RNA, HIF1A has the capacity to regulate angiogenesis, an important component of the response of the heart to ischemia [23] . KIAA1462 is a protein-coding gene which is localized in the nucleus, cytosol, and plasma membrane. KIAA1462 was associated with coronary artery disease in European and South Asian population [18, 24, 25] . Akashi et al. identified the KIAA1462 as a novel protein localized at cell-cell junctions and concluded that the accumulation of KIAA1462 into endothelial cell-cell junctions depends on VE-cadherin-mediated cell-cell adhesion [17] . Our study showed that rs1867624 was associated with triglyceride (TG) levels but not with MI in Chinese population. In a previous study, Norata et al. showed that PECAM1 implicated in EC activation have been identified as modulated by triglyceride-rich lipoproteins, confirming their role in determining endothelial dysfunction [26] . In the current research, we were unable to observe a significant association of PECAM1 rs1867624 SNPs with MI in Han Chinese, However, there was considerable evidence that rs1867624 is associated with the risk of CAD in the European, South Asian, and African American [5] . Howson, et al. showed that the C-allele of PECAM1 is associated with reduced CAD risk, increased expression of PECAM1 in peripheral blood mononuclear cells, which is inconsistent with our findings. The differences in these studies may be explained by ethnic differences, environment, or lifestyle that also affected the development of MI. Another explanation is that the participants in the present study were first onset of MI, so that risk factor profile may differ with recurrent CAD patients. The mechanisms of how these loci contribute to susceptibility to MI are still not well understood. Further study is required to elucidate how these loci contribute to conferring susceptibility to MI and risk factors of MI.
Our study showed that rs2057482 was associated with HDL-cholesterol levels but we did not observe any association between HIF1A rs2057482 and the risk of MI, which is consistent with the studies by Alberto López--Reyes et al. [1] . To avoid false-negative results, we performed a meta-analysis by pooling 5 studies with totals of 2958 cases and 2474 controls to confirm the results. The rs2057482 variant allele exhibited no significant association with MI or CAD risks. The sensitivity analysis of rs2057482 found that the result of pooling ORs was significantly changed once Nan Guo's study was excluded. These discrepancies may be attributable to the different genetic backgrounds of the study populations. To account for this difference, we performed the meta-analysis with each part considered separately. For the Caucasians populations, the HIF1A rs2057482 C > T polymorphism was associated with increased risk of CAD. For the Asians populations, the HIF1A rs2057482 C > T polymorphism was associated with decreased risk of CAD. Interestingly, the heterogeneity was consistent with the result of separate meta-analysis in Caucasians. The differences in these studies may be explained by Nan Guo's study which has significant heterogeneity between the studies. Several limitations should be acknowledged in the present study. First, the sample size was relatively small and the participants were limited to Chinese ethnicity. Second, there were differences in some clinical characteristics between the patients and controls. Although several confounders have been adjusted for the statistical analyses, we could not completely eliminate the potential influences of these factors on the results. Thirdly, age of control group may be a limitation of the study. Because cases are age-matched to controls, we cannot rule out the possibility that a proportion of controls would develop MI or CAD in the near future. Finally, the biological mechanism of genetic variants about the three genes was not Table 5 The p values for interactions of genotypes and age, drinking and smoking, on lipid levels and the risk of CHD conducted in this study. Larger studies should be followed up to assess the potential association of the SNPs with more complex, clinical-disease-related endpoints.
Conclusions
The results of the present study showed that the subjects with rs1867624 CC genotype in MI cases had lower TG levels than the subjects with rs1867624 CT and rs1867624 TT genotypes. The subjects with rs2057482 CT genotype in MI patients had lower HDL-C levels than the subjects with rs2057482 CC and rs2057482 TT genotypes. Several SNPs interacted with age and sex to modify TC and CRE levels, and the risk of MI. In the meta-analysis of HIF1A, the rs11549465 C > T and rs10873142 T > C polymorphisms, but not rs2057482, rs11549467 and rs41508050 were correlated with overall MI or CAD risk. In conclusion, our research suggested a lack of contribution of the three SNPs to MI in a Chinese Han population. However, this study was designed as a pilot study and further investigations are needed to confirm our results and to elucidate unresolved questions.
Methods
Sample collection
A total of 401 hospitalized MI patients were enrolled at the Second Affiliated Hospital, Harbin Medical University 
SNP selection
After reviewing the literature for CAD candidate genes, there are many SNPs in the genes. To determine the investigation of loci, a tagSNP approach was used. We selected three SNPs on the basis of the following assumptions: (1) selected SNPs were established by Haploview (Broad Institute of MIT and Harvard, Cambridge, MA, USA, version 4.2) with the criteria (MAF > 0.05 and 2 > 0.8) from the known SNP data in the Chinese Han population (CHB + CHS); (2) SNPs information was obtained from the database, 1000 Genomes Project (http:// browser.1000genomes.org); (3) SNPs were not reported 
SNP genotyping
The genomic DNA was extracted using a GeneJET Whole Blood Genomic DNA Purification Mini Kit (Thermo Scientific, USA) as per the product instruction. The SNP genotyping work was performed using an improved multiplex ligation detection reaction (iMLDR) technique developed by Genesky Biotechnologies Inc. (Shanghai, China). A multiplex PCR-ligase detection reaction method was used in the iMLDR. For each SNP, the alleles were distinguished by different fluorescent labels of allele-specific oligonucleotide probe pairs. Different SNPs were further distinguished by different extended lengths at the 3′end. Two negative controls were set: one with double-distilled water as template and the other with DNA sample without primers while keeping all other conditions the same in one plate. Duplicate tests were designed and the results were consistent. Genotyping call rate is 100%. A random sample accounting for~5% (n = 40) of the total DNA samples was directly sequenced using Big Dye-terminator version 3.1 and an ABI3730XL automated sequencer (Applied Biosystems) to confirm the results of iMLDR.
Selection of relevant studies
Study reports published before June 25, 2018 were retrieved from PubMed using the search terms (coronary artery disease, coronary heart disease, or myocardial infarction), ("HIF1A" or "MOP1"), and (polymorphism, variant, or mutation). Case-control studies of the relationship between HIF1A polymorphism and CAD or MI were eligible. At least two studies of HIF1A polymorphism reporting the genotype frequencies of each included HIF1A SNP (i.e., rs2057482, rs11549465, rs10873142, rs11549467, or rs41508050) were desired. Only studies published in English were eligible. Studies were excluded if they were not investigations of HIF1A SNPs (rs2057482, rs11549465, rs10873142, rs11549467, or rs41508050), were duplicate publications of the same population, or did not include a control group. Six articles including 3314 cases and 2687controls were selected (Fig. 1) .
Statistical analyses
All statistical analyses were performed using SPSS 13.0 (SPSS Inc., Chicago, IL, USA) and Microsoft Excel 2016 (Microsoft Corp., Redmond, WA, USA). All tests were two-sided and p values < 0.05 were considered significant. Between-group differences in demographic characteristics and genotype frequencies of the three SNPs were evaluated by Student's t test for continuous variables and χ 2 tests for categorical variables. The HardyWeinberg equilibrium was assessed for controls using the goodness-of-fit χ 2 test (with 1 degree of freedom). A chi-square analysis was used to evaluate the difference in genotype distribution between 409 controls and 401 MI patients. Associations of genotypes and alleles and the risk of MI were estimated by odds ratios (ORs) and 95% confidence intervals (CIs). Differences of lipid levels and genotypes were determined by the Kruskal-Wallis test. Significant interactions of the three SNPs with alcohol consumption, cigarette smoking, age, sex, and hypertension with lipid levels and the risk of MI were detected by the independent-samples t test for categorical variables and linear regression analysis for continuous variables after controlling for potential confounders; a p value < 0.003 after the Bonferroni correction was considered statistically significant.
Revman 5.3 software (Nordic Cochrane Centre, Cochrane Collaboration, Copenhagen, Denmark) was used to for the meta-analysis. ORs and their 95% CIs were calculated to determine the significance of associations between HIF1A allele genotypes and susceptibility to MI or CAD. Heterogeneity was tested with the χ 2 -based Q and I 2 tests. The pooled OR was calculated using a fixed effect model in the absence of heterogeneity (p > 0.05, I
2 < 50%). Otherwise, a random effect model was used. The stability of the pooled ORs was determined by one-way sensitivity analysis.
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